Nitration of tyrosine residues in proteins has been mainly characterised by immunoanalytical methods using anti-3-nitrotyrosine antibodies, and nitration sites and sequences have been hitherto identified only in a few cases using mass spectrometric methods. Immuno-analytical methods frequently suffer from low and poorly characterised detection specificity of antinitrotyrosine antibodies, while mass spectrometric methods for identification of Tyrosine nitration may be hampered by low levels of modification, and by possible changes of structure and proteolytic degradation of proteins introduced by the nitration. Moreover, no detailed, molecular characterisation of the specificity of anti-3-nitrotyrosine antibodies has been reported. In this study we describe a molecular study of the recognition specificities and affinities of two commercially available, monoclonal anti-nitrotyrosine antibodies by affinity-mass spectrometry, using different 3-nitrotyrosine containing peptides. Tyrosine-nitrated and non-nitrated substrate peptides of prostacyclin synthase (PCS), an enzyme inactivated by nitration of the active site Tyr-430 residue, were synthesised by solid-phase peptide synthesis (SPPS), purified by reversed phasehigh performance liquid chromatography (RP-HPLC) and characterised by electrospray (ESI) and matrix-assisted laser desorption-ionisation (MALDI) mass spectrometry. Binding affinities and specificities of PCS peptides with different Tyr-nitration sites and sequence mutations adjacent to Tyr-430 were determined by evaluation of anti-nitrotyrosine antibodies using an affinitymass spectrometry approach, compared to immuno-analytical determination using dot-blot and ELISA. The results showed that the antibodies may discriminate in the recognition of peptides with different N-terminal adjacent sequences to the nitrotyrosine residues, depending on the type of immunogen employed. A quantitative ELISA estimation was developed for the determination of antibody binding by Tyrosine-nitrated peptides.
Introduction
Tyrosine nitration is a covalent protein modification resulting from the addition of a nitro-(NO 2 ) group onto one of the two equivalent ortho carbons of the aromatic ring of tyrosine residues. Tyrosine nitration may be the result of an excessive generation of nitric oxide (NO) or its by-products as well as reactive oxygen species (ROS) . Several mechanisms for tyrosine nitration have been proposed, the two of which most widely advanced to occur in vivo involve (i), the formation of peroxynitrite (PN), and (ii), catalytic nitration via heme-peroxidases [1] . Nitration thus may occur under physiological conditions, but may be substantially enhanced under pathophysiological conditions. Several proteins found to be modified by nitration, have been associated with different disorders such as lung infection [2], inflammation [3, 4] , Parkinson's [5] and Alzheimer's disease [6] , and diabetes [7] , all of which have been associated with enhanced oxidative stress.
Specific nitrated tyrosine residues or tyrosine-nitration motifs in a protein should be more specific oxidative biomarkers, than merely the characterisation of overall nitro-tyrosine levels. Several methods have been employed to detect and identify protein tyrosine nitration in both in vitro and in vivo studies. Anti-3-NT antibodies permit detection by immunohistochemistry [8], Western blot [9], or enzyme-linked immunosorbent assay (ELISA) [10, 11] . However, these methods do not identify which specific tyrosine residue(s) have been nitrated; moreover, they are frequently limited by low detection specificities of commercial anti-3-NT-antibodies. Only little information on the characterization and properties of different antibodies against 3-nitrotyrosine is available from previous publications [12] , and the identification and localization of the sites of nitration in proteins remains a significant methodological challenge. Of the currently available methods, only mass spectrometry (MS) is able to specifically locate 3-nitro-tyrosine sites in proteins due to its sensitivity and molecular specificity. High resolution Fourier-transform-ion cyclotron resonance mass spectrometry (FTICR-MS), in combination with immunoanalytical procedures has been recently developed as a powerful tool for the unequivocal, molecular identification of tyrosine-nitrations, such as upon peroxynitrite treatment at the active site Tyr-430 residue of bovine prostacyclin synthase (PCS) [13] . Detailed structural studies were performed with Tyr-nitrated peptides, prepared by solid phase peptide synthesis (SPPS), using FTICR-MS in combination with CD spectroscopy and structure modelling [14] .
In the present study we have characterized two commercially available antibodies raised against different immunogens containing 3-nitrotyrosine (Table 1) , with regard to their recognition specificities and affinities to different Tyr-nitrated peptides of prostacycline synthase. Tyr-nitrated and non-nitrated PCS peptides were compared using (i), conventional dot blot and ELISA, and (ii), a newly developed immunoaffinity -mass spectrometric approach as shown in Figure 1 . Affinitymass spectrometry methods, in combination with proteolytic digestion, have been previously developed and employed in our laboratory (i), for the identification of antigen-epitopes (epitope-excision and -extraction-MS) [15, 16] ; and (ii), in an affinity-proteomics approach which enables direct protein identification from biological material with unprecedented selectivity [17, 18] . The affinity-MS procedure (see Figure 1) is based on the binding of antigen-peptides to an antibody immobilized on a micro-column; upon removal of unbound material by washings steps, the affinity-bound peptides are specifically dissociated from the column by acidification and analyzed by MS. Using this procedure we have characterized the recognition specificity of anti 3-NT antibodies by mass spectrometry.
